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The poor growth of understory vegetation and the severe losses of soil and water in Pinus massoniana forests have recently
become serious concerns in an area in southern China with eroded red soil. The inﬂuence of topography on the spatial distribution
of vegetation, however, has received little attention. This study combined several multivariate analyses to discern the complicated
relationship between understory vegetation and topography. Thirty-six plots (10 m 10 m) were sampled in a ﬁeld survey of the
vegetation and topography in the central red-soil region. The distributions of the understory vegetation differed signiﬁcantly
amongst the topographies. Most plants grew in gullies, and few grew on ridges. The low coverage (25.2%) and number of species
(5 per plot) of the vegetation on ridges was due to serious soil erosion. Surface curvature and slope aspect were the ﬁrst and
second most important topographic factors, respectively, affecting the distribution of the vegetation. The relationship between
topography and distribution could be described by a linear model. Surface curvature or slope aspect alone, however, could only
explain 22.2–59.2% of the variance in distribution. The adaptation of vegetation to speciﬁc topographies should be considered for
restorations of P. massoniana forests in the study area. The results of this study will be helpful for selecting potential sites for
seeding and vegetation restoration to improve the ecology of the study area. Further studies will be needed to identify the
mechanism of the distribution of the understory vegetation in these P. massoniana forests.
& 2015 International Research and Training Center on Erosion and Sedimentation and China Water and Power Press. Production
and Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Topography is one of the most important factors affecting the distribution of vegetation (Florinsky & Kuryakova,
1996; Sebastiá, 2004), and does so in various ways (Moeslund et al., 2013). For example, topography inﬂuences
climatic conditions (Grzyl, Kiedrzyński, Zielińska, & Rewicz, 2014), soil formation (Ridolﬁ, Laio, & D’Odori,/10.1016/j.iswcr.2015.10.002
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2006), all of which contribute to the distribution of vegetation. The patterns of vegetation are consequently indirectly
controlled by topography at different scales (Kirkpatrick, Green, Bridle, & Venn, 2014; Ridolﬁ et al., 2008). The
distribution of vegetation is mainly constrained by slope gradient (Lin, Cui, Ge, Chen, & Wang, 2014) or aspect (Xu,
Ma, Fu, Song, & Wen, 2008) on hillslopes, but by elevation on regional scales (Moeslund et al., 2013). The
distribution of vegetation under speciﬁc climatic conditions is commonly controlled by one or two topographic
factors (Fu, Liu, Ma, & Zhu, 2004; Luo et al., 2012). Topography, however, varies widely amongst regions.
Identifying the principal topographic factors controlling distributions under different conditions is thus crucial for the
sustainable management of forests.
Elevation, gradient, aspect and surface curvature are usually used to quantify the effects of topography on the
distribution of vegetation (Frank, 1988; Laamrani et al., 2014; Ohwawa, Saito, Sawada, & Ide, 2008). Elevation
determines the altitudinal zonality of soil (Pabst, Kühnel, & Kuzyakov, 2013; Tsui, Tsai, & Chen, 2013), gradient
controls the velocity of surface ﬂows (Liu, An, Wang, Wu, & Zhang, 2015), aspect affects the direction of ﬂows,
insolation, and the intensity of evaporation (Moore, Gessler, Nielsen, & Peterson, 1993), and surface curvature
inﬂuences water migration and accumulation in landscapes by gravity (Florinsky & Kuryakova, 1996). Combinations
of these topographic factors determine the conditions for the growth and thus the distribution of vegetation.
Many studies have quantiﬁed various aspects of the relationship between topography and distribution, such as
coverage (Florinsky & Kuryakova, 1996), plant growth (Wang, Z, Jiao, Su & Chen, 2014), forest productivity
(Laamrani et al., 2014), and plant species (Garca-Aguirre, Ortiz, Zamorano, and Reyes, 2007; Sebastiá, 2004;
Silvestri, Marani, & Marani, 2003). Some studies identiﬁed one main topographic factor inﬂuencing distribution at a
speciﬁc site. For example, slope was the only non-soil factor correlated with plant species in southeastern Oregon in
the USA (Davies, Bates, & Miller, 2007) and was a principal constrained factor in the hot and dry Jinsha River valley
in China (Lin et al., 2014). Elevation was the main factor in the Oide River watershed in Japan (Matsuura & Suzuki,
2013). Other studies detected two or more topographic factors most affecting distribution. A topographic wetness
index and aspect were more highly correlated than slope with plant species composition in a dry warm river valley, in
southwestern China (Xu et al., 2008). Elevation and slope signiﬁcantly affected the pattern of vegetation in the
Atlantic Rainforest in southeastern Brazil (Eisenlohr et al., 2013). Elevation and aspect were closely associated with
shrub richness in a deciduous broad-leaved forest near Beijing, China (Fu et al., 2004). The main topographic factors
inﬂuencing the distribution of vegetation thus vary widely amongst regions.
Pinus massoniana has been planted widely in the past several decades in the hilly red-soil areas of southern China
to control erosion (Liang et al., 2010). The plantations covered an area of 1.42 105 km2 by the end of the 1980s
(Xie et al., 2013). P. massoniana canopies increased rapidly and now cover 15-35% in most areas (Wang B, Duan,
Wang, & Yang, 2014), and 460% in some areas (Wu, Shao, Liu, & Huang, 2011). The rapid growth of P.
massoniana has produced great ecological beneﬁts to the local populations and environments (Dou et al., 2013;
Zhang, Wang, Yao, & Bi, 2013). Data from both runoff plots and small watersheds, however, have indicated that soil
erosion is still very serious in most area with P. massoniana (Cao, Liang, Wang, & Lu, 2015; Huang, Ouyang, Li,
Zheng, & Wang, 2010). The erosion rates range from 2700 to 6000 t km2 y1 (Li, Liang, & Cao, 2012). Many
studies have identiﬁed that such serious erosion is closely associated with low coverage of understory vegetation (Gu
et al., 2013; Zhang et al., 2011, 2008). The coverage is only 5–30% on most hillslopes planted with P. massoniana
(He et al., 2013; Wang B et al., 2014).
Many studies have also tried to identify the reasons for the low vegetation coverage under P. massoniana canopies
in the hilly region of China with eroded red soil. But the results have been ambiguous.
Firstly, some studies indicated that the poor development of understory vegetation was caused by the competition
for soil water and nutrients (He et al., 2013; Wang & Gong, 1995). Dou et al. (2013) and Zhang et al. (2013) reported
that organic input after re-vegetation by P. massoniana could restore the functional stability of degraded soil. Much
of the litter produced (21.7 t h m2 representing 44–73% of the total), however, was removed by local residents for
ﬁrewood (Mo, Peng, Brown, Kong & Fang, 2004). Kong and Mo (2002) found that the coverage of understory
vegetation was higher in an undisturbed P. massoniana forest. He et al. (2013) also recognised that the litter lost to
human interference was an important reason for poor vegetation cover under P. massoniana canopies in this region.
Secondly, other studies have argued that the soil is too poor to provide understory growth due to the loss of soil
and water (He et al., 2011). Zhao (1995) estimated that 7.0 108 t of topsoil containing 1.6 105 t of organic matter
and 1.8 105 t of mineral nutrients have been lost to erosion in this region. Zhang, Lu, and Li (1998) reported that
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58 mg kg1 available potassium. The soil nutrients were seriously impoverished due to erosion in these P.
massoniana forests (Yang, He, Qiu, & Luo, 1999). Dou, Li, Wang, Zhang, and Cheng (2012) also reported intense
erosion and low levels of soil nutrients in an area of red soil in Fujian province in China and also recognised that the
low nutrient level was an important conﬁned factor for understory restoration in P. massoniana forests. The
understory vegetation in P. massoniana forests is poor, but its distribution has obvious topographic features.
Few studies, though, have quantiﬁed the potential effects of topographic factors on the distribution of understory
vegetation in P. massoniana plantations in the red-soil area of southern China. Few data are available for the
topographic changes and their relationships with the development of understory vegetation. The objective of this
study was to identify the key topographic factors inﬂuencing the distribution of understory vegetation in a P.
massoniana forest in this area of southern China. The results will be important for revegetation and the ecological
restoration of the P. massoniana forests in this region.
2. Materials and methods
2.1. Study area
The study area is in a hilly area in Ganxian county (251260–261170N, 1141420–1151220E), Jiangxi Province, China
(Fig. 1). The soil is a laterite developed from granite as a calcareous humic ferrisol with clay, silt, and sand contents
of 20.5%, 18.7%, and 60.8%, respectively. The average elevation is 400 m. The climate is a typical subtropical
humid monsoon climate with a mean annual precipitation of 1423.4 mm which falls mainly from April to June. The
mean annual temperature is 19.4 1C and the area has 289 frost-free days.
Sample plots (Fig. 2) were established in a P. massoniana forest in a typical small watershed of 0.4 km2
(25151052.00″–25152013.49″N, 115106012.20″–115106056.83″E) near the town of Datian at elevations of 135–186 m
and slope gradients of 8–301. The P. massoniana forest was afforested by aerial seeding in the 1980s. No forests
previously grew in this area due to the severe soil erosion, but Dicranopteris dichotoma, common in understories,
was sparsely distributed.
2.2. Sampling design and data collection
Field investigations were conducted in April and October 2013. Twelve transects were selected for their
topographic conditions (south and north facing; ridges, concaves and gullies) (Table 1). The transects each had three
slope positions of upslope, mesoslope, and downslope. One plot (10 10 m2) was established at each slope position
for a total of 36 plots. Data for trees were collected from each plot, data for shrubs were collected from the four
5 5 m2 quadrats within the plot, and data for herbs were collected from 1 1 m2 quadrats along a diagonal of each
shrub quadrat. The 36 plots thus contained 144 shrub quadrats and 452 herb quadrats.
The average coverage, height, and number of P. massoniana trees per plot were 17.2%, 4.4 m, and 18.6,
respectively. The coverage of the understory vegetation ranged from 7.9 to 98.0%, with a mean of 53.4%. TheFig. 1. Location of the study area.
Fig. 2. Location of the sample plots. The groups denote the three groups of plots identiﬁed by cluster analysis. Group 1 are on ridges, group 2 are
on concaves, and group 3 are in gullies.
B. Wang et al. / International Soil and Water Conservation Research 3 (2015) 291–304294number of species in the understory vegetation varied from 1 to 26 between plots, with an average of 8.6. The plots
contained a total of 49 plant species: 9, 29, 5, and 6 species of trees, shrubs, herbs, and ferns, respectively, belonging
to 43 genera and 33 families.
2.3. Calculated vegetation variables
In addition to the ﬁeld data, some parameters for the vegetation were calculated based on the ﬁeld data. Indices of
species diversity were obtained as described by Zhang (1995).
The Margalef index for richness was calculated as
IMa ¼ ðS1Þ= ln N ð1Þ
The Shannon–Weiner index for diversity was calculated as
ISW ¼ 
XS
i ¼ 1
Pi ln Pi;Pi ¼Mi=M ð2Þ
The Pielou index for homogeneity was calculated as
J ¼ 
XS
i ¼ 1
ðPi ln PiÞ= ln S;Pi ¼Mi=M ð3Þ
The Simpson index for dominance was calculated as
λ¼
XS
i ¼ 1
P2i ;Pi ¼Mi=M ð4Þ
where S is the number of species in a quadrat, N is the number of a species in a quadrat, Mi is the importance value of
species i in a quadrat, and M ¼ P
S
i ¼ 1
Mi. Mi was computed using the method of Wang and Shangguan (2010) and was
expressed as
Mi ¼ ðDriþHriþCriÞ=3 100% ð5Þ
where Dri is the relative density, Hri is the relative height, and Cri is the relative coverage of specie i. Descriptions of
the selected variables for the vegetation are provided in Table 2.
Table 1
Characteristics of the sample plots.
Plot
number
Pinus massoniana
coverage (%)
Elevation (m) Slope
(deg)
Aspect
(deg)
Erosional
topology
Pinus massoniana forest
Coverage of understory
vegetation (%)
Number of
understory species
1 15 181 25 6 Ridge 11.8 3
2 30 174 30 6 Ridge 25.9 6
3 35 170 30 303 Ridge 29.2 7
4 15 177 30 198 Ridge 8.5 4
5 15 160 25 195 Ridge 29.0 5
6 17 153 30 220 Ridge 32.6 10
7 31 171 25 29 Concave 44.6 5
8 21 163 30 44 Concave 63.5 10
9 9 159 32 43 Concave 80.0 11
10 28 186 25 80 Concave 28.0 3
11 16 179 28 126 Concave 45.0 5
12 11 160 8 100 Concave 59.0 6
13 15 172 20 248 Ridge 8.2 5
14 10 170 25 240 Ridge 26.0 5
15 15 155 25 259 Ridge 23.4 6
16 5 164 25 47 Concave 35.0 2
17 3 159 20 25 Concave 84.0 7
18 6 156 28 11 Concave 88.0 9
19 30 163 15 275 Ridge 7.9 4
20 35 157 20 302 Ridge 19.5 3
21 3 153 20 275 Ridge 48.0 1
22 40 157 20 241 Concave 63.0 7
23 45 150 20 258 Concave 74.0 8
24 20 177 25 273 Ridge 21.0 3
25 20 169 25 273 Ridge 46.4 6
26 6 160 28 278 Ridge 41.0 7
27 10 169 28 8 Concave 54.0 4
28 8 155 30 356 Concave 86.9 6
29 15 151 12 178 Gully 97.4 12
30 10 149 12 188 Gully 98.0 21
31 15 146 12 165 Gully 97.0 14
32 15 163 27 199 Gully 89.0 26
33 9 155 27 213 Gully 90.0 21
34 6 147 27 205 Gully 85.0 15
35 20 147 30 173 Gully 90.0 20
36 9 139 30 175 Gully 91.0 21
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The topographic variables for each plot were slope aspect (Asp), slope gradient (Slp), elevation (Ele), topographic
position, and surface curvature (Table 3). Ele was measured by GPS, and Slp and Asp were measured using a
compass during the ﬁeld investigation. Asp was quantiﬁed by calculating the aspect index (AspI) based on the
incident radiation model by McCune (2007), expressed as follows:
AspI ¼ j Asp180j ð6Þ
The computed AspI was highest for the coolest Asp (northeast) and lowest for the warmest Asp (southwest). The
topographic position index (TPI) applied by Laamrani et al. (2014) was also computed as follows:
TPIjkðXÞ ¼ 1
xjkxj min
xj maxxj min
ð7Þ
Table 2
List of vegetation variables.
Variable Description Reference
Understory coverage (UCo) Total coverage of understory vegetation in each plot.
Tree richness (Rich1) The Margalef index for tree species in each quadrat Zhang (1995)
Shrub richness (Rich2) The Margalef index for shrub species in each quadrat Zhang (1995)
Herb richness (Rich3) The Margalef index for herb species in each quadrat Zhang (1995)
Tree diversity (Div1) The Shannon–Weiner index for tree species in each quadrat Zhang (1995)
Shrub diversity (Div2) The Shannon–Weiner index for shrub species in each quadrat Zhang (1995)
Herb diversity (Div3) The Shannon–Weiner index for herb species in each quadrat Zhang (1995)
Tree homogeneity (Hom1) The Pielou index for herb species in each quadrat Zhang (1995)
shrub homogeneity (Hom2) The Pielou index for shrub species in each quadrat Zhang (1995)
herb homogeneity (Hom3) The Pielou index for herb species in each quadrat Zhang (1995)
Tree dominance (Dom1) The Simpson index for tree species in each quadrat Zhang (1995)
Shrub dominance (Dom2) The Simpson index for shrub species in each quadrat Zhang (1995)
herb dominance (Dom3) The Simpson index for herb species in each quadrat Zhang (1995)
Table 3
List of topographic variables.
variables Description Reference
Elevation (Ele) The height above the sea level measured
by GPS in each plot
Slope gradient (Slp) The gradient in the direction of maximum slope
measured by GPS in each plot
Slope aspect index (AspI) ASPI folding rescales aspect to the highest for
the coolest slope aspect (northeast) and the
lowest for the warmest slope aspect (southwest) using Eq. (6)
McCune (2007)
Topographic position index (TPI) The TPI classiﬁed the landscape into discrete topographic
classes. TPI values tended towards hilltops (0) and
depressions (1) using Eq. (7).
Laamrani et al. (2014)
Curvature index (CI) The CI represented the eroded topographies,
i.e. hill ridges, concaves, and gullies, and
reﬂected of water divergence () or convergence (þ ).
Zevenbergen and Thorne (1987)
B. Wang et al. / International Soil and Water Conservation Research 3 (2015) 291–304296where xjmax is the elevation of the top j transect (m); xjmin is the elevation of the bottom j transect (m); j (1, 2, 3,…10)
is the sequence number of a transect; and k (1, 2, 3, …) is the sequence number of the quadrats for transect j.
The surface curvature index (CI) was selected to represent the eroded topography, such as hill ridges, concaves,
and gullies, as proposed by Zevenbergen and Thorne (1987), and could be applied to represent water divergence ( )
or convergence (þ ).
2.5. Data analysis
We applied a four-stage analysis to identify the complicated relationships between the distribution of understory
vegetation and topography. Firstly, a principal component analysis (PCA) eliminated any redundancy amongst the
variables. The PCA used a correlation coefﬁcient matrix so that each principal component only had a few variables
with large loadings. A variable was deemed signiﬁcantly correlated with the principal component at correlations
40.55. A principal component was deemed signiﬁcant at eigenvalues 41 (Xu et al., 2008). Secondly, Ward's
method of cluster analysis method (CA) identiﬁed the distributions of understory vegetation in the various
topographies. A Tukey's one-way analysis of variance (ANOVA) compared the differences in the characteristic of the
vegetation between the topographic factors identiﬁed by CA. Thirdly, a canonical correlation analysis (CCA)
detected the main topographic factors inﬂuencing the distribution. This technique consists of ﬁnding several linear
combinations of X variables and the same number of linear combinations of Y variables in two data sets. Linear
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canonical correlations. Each pair of canonical variables represents an independent dimension between the two sets of
variables (Xu et al., 2008). Fourthly, multiple linear stepwise regression analysis determined the inﬂuence of main
topographic factors on the distribution of the understory vegetation.
All analyses were conducted in SPSS 19.0 (SPSS Inc., Chicago, USA).3. Results
3.1. Characteristics of the understory vegetation and topographies
The ﬁrst three principal components (eigenvalue41) identiﬁed by the PCA explained approximately 70% of the
total variance, with the ﬁrst two accounting for 61.6% (Table 4). The loadings indicated that each principal
component was associated with speciﬁc indices (40.55). The ﬁrst component was associated with the vegetation
indices UCov (total coverage), Rich1 (tree richness), Rich2 (shrub richness), Rich3 (herb richness), Div1 (tree
diversity), Div2 (shrub diversity), Hom1 (tree homogeneity), Hom2 (shrub homogeneity), Hom3 (herb homogeneity),
and Dom1 (Arbour dominance). The second and third components were associated with the topographic indices Ele,
AspI, TPI, CI, and Slp. Not all indices, however, were closely related to the distribution of the understory vegetation.
Redundant information was eliminated, and the most important indices would be identiﬁed by the next analysis.3.2. Topographical distribution
The CA based on the indices selected by the PCA clustered the plots into three groups at Ward distances of 10–15
(Fig. 3). The three groups belonged to the three topographies: plots 29–36 in gullies; 7–12, 16–18, 22, 23, 27 and 28
on concave slope; and 1–6, 13–15, 19–21, and 24–26 on ridge slope. The features of the vegetation for each groupTable 4
Factor loading, eigenvalues, and cumulative percentages of principal component analysis.
Factor Principal component
1 2 3
Ele 0.29 0.56 0.26
Slp 0.06 0.23 0.71
AspI 0.47 0.59 0.03
TPI 0.26 0.55 0.00
CI 0.45 0.57 0.28
UCov 0.83 0.42 0.10
Rich1 0.79 0.28 0.17
Rich2 0.97 0.03 0.07
Rich3 0.85 0.37 0.19
Div1 0.73 0.33 0.37
Div2 0.91 0.26 0.10
Div3 0.45 0.46 0.54
Hom1 0.75 0.29 0.42
Hom2 0.63 0.44 0.22
Hom3 0.83 0.39 0.16
Dom1 0.69 0.51 0.13
Dom2 0.34 0.48 0.41
Dom3 0.16 0.42 0.26
Eigenvalue 8.51 3.82 1.69
Of variance % 42.53 19.09 8.46
Cumulative % 42.53 61.62 70.08
Notes: See Tables 2 and 3 for deﬁnitions of the abbreviations. Close relationships (40.55) between a variable and a principal component are in
bold type.
Fig. 3. Dendrogram of the cluster analysis of 36 plots using Ward's method.
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groups. The indices were generally highest for the gullies, followed by the concave and ridge slopes.3.3. The key topographic factors inﬂuencing distribution
Table 6 shows the ﬁve canonical correlation coefﬁcients of the CCA derived from the vegetation and topographic
variables selected by the PCA. Only the ﬁrst and second canonical correlation coefﬁcients were statistically
signiﬁcant (po0.05). The canonical variables and coefﬁcients for vegetation and topography are shown in Table 7.
The variables were UCov, Rich1, Div1, Hom2, and Hom3 for vegetation (loading coefﬁcient40.55) and CI and AspI
for topography (loading coefﬁcient40.55). CI and AspI were thus the main topographic variables inﬂuencing the
distribution in UCov, Rich1, Div1, Hom2 and Hom3.
We conducted multiple linear stepwise regression analysis to the selected vegetation indices in the PCA to
determine how the speciﬁc topographic factors affected the distribution on understory vegetation (Table 8). Eleven
linear models were built for nine vegetation variables (po0.05). Ele, Slp, AspI, TPI and CI were taken part in the
multiple linear stepwise regression analysis of the selected vegetation indices. Only CI and AspI, however, entered
the models, with coefﬁcients of determination (R2) of 0.214–0.592, and CI entered eight models of seven vegetation
variables and AspI entered ﬁve models of four vegetation variables. These results implied that the relationship
Table 5
Mean7standard deviation of the vegetation indices of the three topographies.
Topography UCov (%) Rich1 Rich2 Rich3 Div1 Div2 Hom1 Hom2 Hom3 Dom1
Ridge 25.2713.1 0.0070.00 0.0970.05 0.2670.05 0.0070.00 0.1670.08 0.0070.00 0.1270.07 0.2570.02 0.0070.00
Concave 58.4723.2 0.0070.00 0.3670.15 0.2970.12 0.0070.00 0.3670.11 0.0070.00 0.2470.04 0.2170.09 0.0070.00
Gully 92.271.67 0.3370.24 1.2270.35 0.6770.18 0.6570.21 0.7470.09 0.5370.29 0.3270.02 0.4770.06 0.2770.04
F 43.9** 28.7** 21.5** 44.8** 16.8** 25.2** 60.5** 16.2** 64.6** 15.6**
Notes: See Table 2 for deﬁnitions of the abbreviations.
**po0.01.
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Table 6
Statistical parameters of the canonical correlation analysis.
No. Correlation coefﬁcient Wilks’ λ χ2 df p
1 0.962 0.011 122.341 50 0.000
2 0.790 0.142 52.729 36 0.026
3 0.597 0.360 27.550 24 0.279
4 0.562 0.560 15.646 14 0.335
5 0.426 0.819 5.398 6 0.494
Table 7
Canonical variables and correlation coefﬁcients.
No. Canonical variablefor topography (T) Canonical variable for vegetation (V) Correlation coefﬁcient
1 T ¼ 0:459Eleþ0:168Slp
0:088AspIþ0:179TPI
þ0:711CI
V ¼ 0:960TCovþ0:280Rich1þ0:149Rich20:462Rich3
0:051Div10:251Div20:014Hom10:217Hom2
þ0:125Hom30:410Dom1
0.961
2 T ¼ 0:011Ele0:255Slp
0:908AspIþ0:295TPI
þ0:132CI
V ¼ 0:442TCovþ0:758Rich10:340Rich2þ0:514Rich3
0:986Div10:545Div20:209Hom1þ0:768Hom2
0:825:Hom3þ0:195Dom1
0.779
Notes: See Tables 2 and 3 for deﬁnitions of the abbreviations. Signiﬁcant correlations (40.55) are in bold type.
Table 8
Linear models of the relationship between topographic factors and vegetation indices by stepwise regression analysis.
Variable Number of
model
Equation R2 p
UCov 1 UCov¼0.561 CIþ0.342 0.533 o0.001
Rich1 1 Rich1¼0.008 CI0.093 0.226 0.002
Rich2 1 Rich2¼0.005
AspI0.013
0.352 o0.001
2 Rich2¼0.005
AspIþ0.666 CI0.377
0.451 o0.001
Rich3 1 Rich3¼0.383
AspIþ0.560
0.214 o0.001
Div1 1 Div1¼0.002 CIþ0.252 0.232 o0.001
Div2 1 Div2¼0.402 CIþ0.145 0.405 o0.001
Hom1 1 Hom1¼0.003 CI0.147 0.592 o0.001
2 Hom1¼0.003 CIþ0.195
AspI0.253
0.445 o0.001
Hom2 1 Hom2¼0.208 CIþ0.103 0.222 0.002
Hom3 1 Hom3¼0.001
AspIþ0.165
0.358 o0.001
Notes: See Tables 2 and 3 for deﬁnitions of the abbreviations.
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topographic factors affecting distribution, but surface curvature was more important than Asp.
4. Discussion
The distributions of understory vegetation differed signiﬁcantly amongst the topographies. The CA clustered the
distributions for the three topographies (gullies, concaves, and ridges). Most of the indices of the understory
Table 9
Features of soil mean value7standard error for Pinus massoniana forest in the study area.
Erosional
topography
SOC content
(g kg1)
TN content
(g kg1)
TK content
(g kg1)
AN content
(mg kg1)
AP content
(mg kg1)
A K content
(mg kg1)
SWC (%)
Ridge 7.5070.73a 0.2470.03a 25.0771.86a 43.9974.93a 0.1370.05a 21.6172.73a 12.8270.46a
Concave 14.9971.50b 0.5170.05b 30.8272.10ab 55.9774.20ab 0.4170.15ab 32.7074.13b 14.9670.84b
gully 19.6773.00c 0.4770.14b 33.7971.36b 92.4078.83b 0.5670.12b 60.3175.87c 15.2871.31bc
Note: Different letters within a column indicate signiﬁcant differences at po0.05. SOC (Soil organic-carbon), TN (Total nitrogen), TK (Total
potassium), AN (Available nitrogen), AP (Available phosphorus), AK (Available potassium), SWC (Soil water content).
B. Wang et al. / International Soil and Water Conservation Research 3 (2015) 291–304 301vegetation were highest for gullies and lowest for ridges. Lan, Hu, Cao, and Zhu (2011) reported similar results for a
seasonal tropical rain-forest in China. Our CCA and multiple linear stepwise regression analysis identiﬁed surface
curvature and Asp as the ﬁrst and second most important topographic factors, respectively, inﬂuencing distribution in
agreement with the results of previous studies (Lan et al., 2011).
The average coverage of the understory vegetation was only 25.2% and the average number of species per plot
was 5.0 on the ridges due to the serious soil erosion. This red-soil area is one of the worst regions in China eroded by
water (Liang et al., 2010; Liang, Li, Su, & Pa, 2009). Soil erosion has reduced the coverage of understory vegetation
in P. massoniana forests in this area (Zhao, 2006). The loss of surface soil reached 71.2 mm (Wang B et al., 2014) by
rills and ephemeral gullies. The subsoil and even weathered granitic material are exposed, thus the nutrient levels of
the surface soil (0–15 cm) on ridges (Table 9) are too low to provide normal vegetation succession (He et al., 2011).
Surface curvature signiﬁcantly affected the distribution of understory vegetation. For example, the average
coverage of understory vegetation and numbers of species were 265.4 and 275.0% higher, respectively, in gullies
than on ridges. All nutrient levels were highest in the gullies (Table 9). Soil erosion varies micro-topographies in
degraded land, which changes soil-water content (SWC), texture, nutrient levels, and light conditions (Larsen, Bork,
Fuelling, Fuchs, & Larsen, 2013). Gullies are formed by water erosion and and are an important representative
topography in this area. Gullies create new geographic environments by soil denudation and deposition (Gao et al.,
2011), which in turn affect the distribution and succession of vegetation (Dong, Xiong, Su, & Li, 2014; Lin et al.,
2014). The high levels of soil nutrients in the gullies (Table 9), and especially soil-water content (Gòmez-Giráldez,
Aguilar, & Polo, 2014; Xu et al., 2008) provided favourable conditions for the growth of vegetation.
The relationship between topography and the distribution of understory vegetation could be quantiﬁed by a linear
regression model. Eleven linear models (Table 8) were built for nine vegetation variables and two topographic
factors, but the surface curvature or Asp alone could only explain 22.2–59.2% of the variance in distribution. Other
factors may also inﬂuence the distribution, such as soil (Kirkpatrick et al., 2014; Ridolﬁ et al., 2008), water (Moore
et al., 1993; Xu et al., 2008), and climate (Kirkpatrick et al., 2014).
The restoration of ecosystems and management of P. massoniana forests in this region should thus consider the
relationship between topography and the distribution of understory vegetation. The adaptation of vegetation to
topographies could strengthen the resilience of ecosystems. Vegetation could directly improve soil environments by
enhancing nutrient availability or capture (Erktan & Rey, 2013). Vegetation could also protect soil quality by
reducing soil loss (Zhang, Liu, Zhang, & Yi, 2014). Conversely, remodelled topographies, such as gullies, could
facilitate the recruitment and establishment of plant (Gao et al., 2011). This feedback loop could thus drive
ecosystems into higher levels of succession.
5. Conclusions
We combined several multivariate analyses to discern the complicated relationship between the distribution of
understory vegetation in a P. massoniana forest and topography in a region of southern China with eroded red soil.
The distributions differed signiﬁcantly amongst the topographies. Gullies contained the most plants, and ridges
contained the fewest. The low coverage of understory vegetation (25.2%) and number of species (5 per plot) on the
ridges was due to the serious soil erosion. Surface curvature and Asp were the main topographic factors affecting
distribution, but surface curvature was more important than Asp. The relationship between topography and
distribution could be described by a linear model. Surface curvature or Asp alone, however, explained only 22.2–
B. Wang et al. / International Soil and Water Conservation Research 3 (2015) 291–30430259.2% of the variance in distribution. The suitability of the vegetation to the topography should be considered for the
restoration of the P. massoniana forests in the study area. The results of this study will be helpful for selecting
potential sites for seeding and vegetation restoration to improve the ecosystems in this area. Further studies are
needed to identify the mechanism of the distribution of understory vegetation in these P. massoniana forests.
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